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Sunday, February 3, 2013 77ais the dominant pathway of telomere protection against RPA binding. TPP1 en-
hances POT1’s ability to compete against RPA in both pathways. Thus, the syn-
ergistic effect of GQ formation and POT1/TPP1 binding protects telomeric
overhangs against DNA damage signals.
396-Pos Board B165
Energy Landscapes of Triplet Repeat DNA Bulge Loops: Implications for
DNA Expansion and Disease States
Jens Vo¨lker1, Vera Gindikin1, Horst H. Klump2, G Eric Plum3,
Kenneth J. Breslauer1.
1Rutgers University, Piscataway, NJ, USA, 2University of Cape Town,
Rondebosch, South Africa, 3IBET Inc, Columbus, OH, USA.
Triplet repeat DNA sequences are prone to undergo DNA expansion events that
correlate with a range of debilitating neurological diseases such as Hunting-
ton’s and myotonic dystrophy type 1 (DM1). Repeat DNA expansion occurs
in response to error prone DNA replication, DNA recombination, and DNA
repair events. It is commonly believed that the propensity of repeat DNAs to
adopt (meta-)stable self-structures plays a critical role in the processes that
lead to the erroneous expansion events. In particular, repeat DNA sequence
can form slipped out bulge-loop structures via out-of-phase alignment between
the two different DNA strands. Such slipped out bulge loop structures may be
difficult targets to process by the DNA replication, DNA recombination, and/or
DNA repair machinery, thereby contributing to expansion events. To better un-
derstand such altered substrate structures, we have been mapping the energy
landscape of select models of repeat bulge loops using differential scanning
calorimetry and temperature dependent spectroscopy. Our data reveal novel in-
sights into the thermal and thermodynamic features of such slipped-out repeat
DNA bulge loop structures, including characteristics that may contribute to
their differential recognition and processing that lead to expansion events,
the genotypical signature that correlates with neurological disorders.
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The DNA damage binding protein complex (UV-DDB) recognizes ultraviolet
light (UV) induced lesions such as 6-4 photoproducts (6-4PPs) and cyclobutane
pyrimidine dimers (CPDs) in DNA and initiates human nucleotide excision re-
pair in chromatin. Crystallographic studies have revealed that UV-DDB binds
to damaged DNA as a heterodimer of DDB1 and DDB2 on short DNA sub-
strates; however, its oligomeric state on longer, physiologically relevant sub-
strates and on nucleosomes remains undetermined. Additionally, the question
of how UV-DDB searches a sea of undamaged chromatin for UV-induced
lesions remains unresolved. We assayed purified UV-DDB for binding to
a 517 bp UV-irradiated, PCR fragment using atomic force microscopy
(AFM). Volume analysis revealed that UV-DDB binds primarily as a dimer
of heterodimers to UV damaged DNA, with 19% of these UV-DDB dimers
binding simultaneously to two DNA molecules In order to study damage
recognition in real time, we used a His-tag on UV-DDB (either DDB1 or
DDB2) to conjugate quantum dots(QDs). QD-UV-DDB retained DNA damage
binding activity, as assayed by electrophoretic mobility shift assays. To identify
the search mode, we have employed an oblique angle fluorescence microscopy
setup to track single molecules of QD tagged UV-DDB on UV-damaged DNA
tightropes. We have identified that WT UV-DDB employs a 3D search to iden-
tify DNA damage, with a long residence time when bound to sites of damage.
Consistent with several salt-bridges observed in the co-crystal structure, we
have found that the mobility of UV-DDB on DNA is salt dependent. Further,
we have assayed the disease causing K244E mutant of DDB2 and observed
that the mutant retains DNA binding activity, but slides on DNA compared
to the WT. Our results reveal the stoichiometry and search mechanism of
UV-DDB in damage surveillance.
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Physics, National University of Singapore, Singapore, Singapore.In Escherichia coli, the RecA nucleoprotein filament formed on single-stranded
DNA (ssDNA) is essential for homologous recombinational DNA damage
repair. In vivo, formation and stability of the RecA nucleoprotein filament is
regulated by the single-stranded DNA binding protein (SSB). However, current
understanding of RecA-ssDNA interaction has been mainly based on experi-
ments in the absence of SSB. In this study, direct knowledge of the influence
of SSB on the RecA nucleation, polymerization, and stability is obtained by
single ssDNA manipulation method using magnetic tweezers. Our results
reveal an SSB, force, and ATP hydrolysis dependent regulation of the RecA
nucleoprotein filament formation and stability.
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RecA protein lies at the core of DNA repair mechanism. RecA forms a helical-
structured filament on a single-strand DNA (ssDNA) as an intermediate of
homologous recombination. Recent crystal structure of RecA filament with
embedded ssDNA found that each RecA monomer in the filament is bound
to a group of three nucleotides, simultaneously forming a gap between neigh-
boring groups. Thus, there are three possibilities (phases) in the binding of
RecA according to the relative position of the gap in the substrate ssDNA.
We developed a single-molecule fluorescence based assay to identify the phase
of individual RecA filament. On a polythymine substrate, RecA filaments were
formed randomly in the three phases. Each RecA filament changed its phase via
migration along the substrate ssDNA for which the energy from ATP hydroly-
sis was required. On the other hand, the RecA filament was arrested into a single
phase when the poly thymine was replaced by TGG repeats. Our results provide
a new insight into the molecular mechanism of sequence specific RecA filament
dynamics.
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The high fidelity of DNA replication is vital to genomic integrity and ultimately
to the survival of species. Errors occurring during DNA replication can have
severe consequences such as producing certain types of cancers, and the correc-
tion of these errors is carried out by various DNA repair systems, one of which
is the mismatch repair (MMR) system that exists in both prokaryotes and
eukaryotes. Mismatched nucleotides are recognized by MutS, an MMR system
protein that first binds to the mismatched DNA and then recruits other MMR
proteins responsible for the downstream repair process. Despite its crucial
role in this process, little is known about how MutS first locates mismatched
base pairs. Two competing models have been proposed in the literature: the
replisome-associated model argues that MutS is bound to and travels with
the replication fork and can bind mismatches immediately as they are produced,
while the scanning model states that MutS binds and scans the DNA strands on
its own to search for mistakes long after the DNA polymerase complex has syn-
thesized DNA. To address this question, we apply single-molecule fluorescence
microscopy to reveal the in vivo distributions and dynamics of MutS and the
replisome in live Bacillus subtilis bacterial cells. Based on photoactivated
localization microscopy (PALM), PAmCherry-labeled MutS and mCitrine-
labeled DnaX (a subunit of the replisome) are tracked with nanometer-scale
precision to reveal the spatial relationship between these two as well as their
motional correlations. Our preliminary results suggest transient yet significant
co-localization between MutS-PAmCherry and DnaX-mCitrine and thus sup-
port the replisome-associated model.
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Identification, amplification and quantification of nucleic acids for detection of
pathogenic organisms and genetic diseases is one of the most important field in
biomedical research. Polymerase chain reaction (PCR) is commonly used for
nucleic acid diagnostics. However, temperature cycling, limited yield of
product DNA, the need for specialized instrumentation and expensive detection
probes are not compatible with the goals of point-of-care diagnostics. To
address these limitations we have developed quadruplex priming amplification
(QPA), which relies on specifically designed guanine-rich primers. After poly-
merase elongation, the primers are capable of spontaneous dissociation from
78a Sunday, February 3, 2013the target sites and formation of a DNA quadruplex. As a result, target se-
quences are accessible for the next round of priming and DNA amplification
proceeds under isothermal conditions. QPA can proceed in either a linear or
an exponential amplification mode. Experiments here demonstrate that linear
QPA has a potential to be highly specific. We have combined linear QPA
with nicking enzymes to reach the level of exponential signal amplification.
In our assays we use specifically designed probes that are complementary to
both pathogen and QPA template. When the probe is annealed to the pathogen
DNA and the nicking site is folded, the enzyme nicks the pathogen strand and
creates the 5’-overhang or primer/template complex, which is elongated by
polymerase. At this point the nicking enzyme and polymerase initiate QPA
template production, which later binds to QPA primers and produces signal.
We will discuss thermodynamic and kinetic bases of these multi-step reaction,
which can be conducted isothermally between 55 and 65 C. Supported by Bill
& Melinda Gates Foundation.
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Genome instability is an underlying factor of all cancers. Defects in DNA repair
mechanisms contribute significantly to this factor. Recent reports indicate the
mechanical properties of cells change as they advance through different stages
of neoplastic transformation. The main goal of this study is to investigate how
changes in the intracellular environment and changes in DNA repair protein
distribution are altered in cells undergoing neoplastic transformation. For this
study we have chosen to use human mammary epithelial (HME) cells from
theWeinberg line. Lipofection was used to transiently transfect enhanced green
fluorescent protein (egfp) fusions to MSH2 mismatch repair proteins. We have
measured the localization and diffusion of these fusions using fluorescence re-
covery after photobleaching (FRAP) and raster image correlation spectroscopy
(RICS) on live cellsmaintainedunder appropriate environmental conditions.We
have tested normal, immortal, and tumorigenic cells in this study. The acquired
data was analyzed using custom written Matlab programs as well as commer-
cially available software. Preliminary results show localization of the fusions
to the nucleolus in all cell types tested. The surrounding nucleus generally has
the weakest localization signal. We have also observed smaller diffusion coeffi-
cients in the nucleus of tumorigenic cells compared to normal cells. This work is
supported by NSF Materials and Surface Engineering grant CMMI-1152781.
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A nanostructured polystyrene based inorganic-organic composite membrane
has been synthesized by sol-gel method under acidic conditions. Investigation
on the electrochemical properties showed that higher membrane potential was
observed in case of LiCl than other electrolytes used such as NH4Cl, KCl and
NaCl for the nanocomposite membrane. Effective fixed charge densities were
evaluated from the measured potential and were found to follow the order
Liþ > NH4
þ > Kþ > Naþ. The permselectivity, ionic mobility ratio and
counter-ion transport number of the composite membrane have also been cal-
culated which suggest that the inorganic-organic nanocomposite membrane is
more cation-selective towards Liþ ions; however the selectivity increases with
dilution for all monovalent electrolytes. These membranes were comprehen-
sively characterized for their physicochemical properties, morphology, molec-
ular interactions, crystalline nature and thermal stability by water uptake and
porosity studies, scanning electron microscopy (SEM), Fourier transform infra-
red (FTIR), X-ray studies, thermogravimetric and differential thermal analyses
(TG-DTA). The ion-exchange capacity, volume void porosity and water uptake
of the membrane were found to be highly dependent on polystyrene content in
the membrane phase and these properties decreased with increase in the amount
of the organic polymer.
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We investigated the action potential and the increase in nerve diameter associ-
ated with the signal transmission. Combining electrophysiological methods andAtomic Force Microscopy we obtained the electrical and mechanical signal
associated to the nerve transmission. The results were discussed in the contest
of the soliton model developed by Heimburg and Jackson [1] as an alternative
to the Hodgkin and Huxley model for signal propagation in nerves [2]. The ex-
periments have been performed using the ventral cord of earthworms (Lumbri-
cus terrestris) that were previously anesthetized for dissection and nerve
extraction. The protocols used in our experiments follow the general approach
in previous experiments by Tasaki et al. [3] and Kim et al. [4].
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In aqueous solutions, neutral lipid bilayers form multilamellar lipid vesicles in
which the repeat spacing is highly sensitive to water soluble molecules and ions
[1]. In this work, we report and compare electrical polarizabilities [2] of two
classes of zwitterionic solutes: Good’s buffers and amino acids. We find that
both pH buffers and amino acids are more polarizable than common monova-
lent ions in proportion to molecular weight. In addition, there is a clear distinc-
tion between how the polarizability values for organic molecules scale with
molecular weight compared to salt ions: molecular weight dependence is
almost linear for organic molecules while the dependence for salt ions is
a power law with exponent 2/3. These results are used to explain the interac-
tions between lipid membranes in the presence of solutes.
[1] Koerner et al., Biophys. J. 101, 2011, [2] Szymanski and Petrache, J. Chem.
Phys. 143, 2011.
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The changes in Kþ-nonactin steady-state membrane conductance were mea-
sured to estimate the changes in the dipole potential (D4d) of phospholipid
bilayers (DOPS, DOPE, DOPC) after two-side addition of quercetin or myrice-
tin into membrane bathing solution (0.1M KCl pH7.4). Table presents the
results of the approximation of the obtained data by Langmuir adsorption iso-
therm. The maximum dipole potential changeD4d(N) depends on flavonol and
membrane types. It is larger in case of quercetin than for myricetin. This differ-
ence may be attributed to higher hydrophobicity of quercetin compared with
myricetin. The smaller values of |D4d(N)| in the case of DOPS and DOPE
than for DOPC may be resulted from smaller effective surface density of
dipoles due to electrostatic repulsion between serine residues and negative
spontaneous curvature of DOPE relative to membranes made from the phos-
pholipid with neutral spontaneous curvature, DOPC. Comparison of dissocia-
tion constants (K) shows that flavonol affinity for DOPE-bilayers is smaller
than that for DOPS and DOPC-membranes. The study was supported in part
by RFBR, the Grant of the President of RF (#MK-1813.2012.4) and the Russian
State Contract #8119 (MES, FTP, SSEPIR).
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Studies of the charge dependence of electrostatic interactions between charged
colloidal particles in aqueous suspension have been hindered by a lack of
controllability of the particle charge. However with liposomes, the particle
charge can readily be controlled by the ratio of charged/neutral lipids. The
nominal charge Z0 of non-interacting liposomes can be verified by their elec-
trophoretic mobility. In deionized suspensions, mutual repulsions produce an
